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Multi-patterning complexity drives need for EUV 
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EUV Lithography will stop the strong increase of litho steps/masks needed 



EUV status:  

Demonstrated >500 wafers per day at customer sites Slide 5 
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• More than 500 wafers per day demonstrated 

during endurance tests at 2 customer sites 

• 7 NXE:3300B systems shipped to customers 

• 4 more NXE:3300B systems being integrated 

• 4th generation NXE system (NXE:3350B) 

integration ongoing 

• EUV cleanroom extension is under construction 



Slide 6 

Public 

• EUV benefit and status at customers 

• Towards higher productivity 

• Imaging, Overlay, Defectivity 

• Summary 

 

Agenda 
27 Oct 2014 



Total produced wafers on NXE:3300B at customer sites 
Reaching output in 8 months that took NXE:3100 more than 2 years  
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Wafers per day program 
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high speed 

Laser to 

droplet 

control 



>40W rolled-out on customer NXE:3300B systems 
 

NXE:3300B customer systems 
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Under clean collector conditions 
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Courtesy of 

System continuously used  Stable power over 2 months period of time 
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Power of >40W  

since start use system System pulse count 

Customer system continuous use at power level of >40W 
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>40W over 2 months period of time 
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No collector degradation seen in 2 months period of time during 

continuous use of the system at >40 Watts 

Stable collector reflectivity  

Stable power over 2 months period of time 
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Stable ~80W EUV source power at ASML 
Multiple runs on NXE:3300B stand-alone sources 

Meets dose requirement 
Conversion efficiency >3% 

See presentation David Brandt 
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Continuous stable source operation at 80 W 
excellent die yield, ~25% dose margin 
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24 hours continuous operation at 
80W of EUV power with excellent 

simulated Die Yield 

Die Yield = Simulated % of dies that meet the 1% dose requirement  



Wafers per day program: Progress in major areas 
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Improvement of Conversion 

Efficiency demonstrated 

Reduced dose margin with 

advanced controls 
Improvement in collector 

lifetime 

Doubled source power to ~80 

Watts demonstrated 

Improved automation 

algorithms 

Faster resist formulations 

demonstrated 

See presentation David Brandt 

Improved optical design 
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Full wafer dedicated chuck overlay of <1.1 nm at  

40W source power 

• Layers are exposed on the same wafer on the same chuck. 
• Dedicated chuck overlay is a measure of the overlay performance of the system. 



Overlay matching NXE:3300B to Baseliner MMO wafers 
Full-wafer matched machine overlay <4 nm at 40W, stable over 2 weeks 

Wafer – Baseliner controlled 
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Customer A 

Wafer – one day after setup 



NXE:3300B full wafer Focus Uniformity at >40 W 
Well below 25 nm performance target 
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• The focus uniformity performance test is done in resist  
• Focus sensitive marks are being exposed to obtain full wafer coverage information 



Multiple NXE:3300B systems show CDU below 1.5 nm  
dense and iso lines exposed at 16mJ/cm2 – conventional ill. 

22 nm DLs: Full wafer CDU <1.2 nm  

22 nm ILs: Full wafer CDU < 1.5 nm  

System A System B System C System D System E 

CD measurements performed with YieldStar Data corrected for reticle errors and mask shadowing effect 
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Good Focus and Dose performance stability 
measurements done over 2 months period at 40W source power 
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Free running state in preparation for implementation of baseliner control 
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NXE:3300B CD monitoring for 18 nm HP Horizontal lines 

at 40W shows stable performance over time 
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Achieved >50% exposure dose reduction while keeping 

same performance for tip-to-tip and tip-to-space 

 
Tip-to-tip 

~30 nm 

~59 mJ/cm2 ~24 mJ/cm2 
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22 nm dense L/S with 20 nm gap 

~20 nm 

See presentation Eelco van Setten for EUV imaging 

~50 mJ/cm2 ~18 mJ/cm2 
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22 nm dense L/S with 20 nm gap 



NXE:3300B 10 nm logic imaging at large process window 
Validation of Tachyon NXE mask 3D model accuracy 
 

-60nm 
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F
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match well SEM contours  

NXE:3300B, 10 nm logic metal 1 layer example, 45 nm minimum pitch,  

Quasar 45, ~20mJ/cm2 
Source: ST, 2014 
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18 nm Dense Lines process window improvement 

with FlexPupil optimization 
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Customer C 



Source Mask Optimization and FlexPupil maximizes process 

window and minimizes edge placement error (EPE) 
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• Pattern shift (impacting overlay) due to EUV non-telecentricity and 3D 
mask topography is reduced by optimizing for EPE 

• Source mask optimization (SMO) optimizes FlexPupil shape to maximize 
process window and minimize EPE 

¹Source: Patterns published by Yan Borodovsky of Intel (2012 International 
Workshop on EUV Lithography Maui, HI) 
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Front-side reticle defectivity: 10x reduction/year realized 
Clean scanner remains priority 

A
d

d
e

d
 p

a
rt

ic
le

s
 >

 9
2
 n

m
  

p
e
r 

re
ti
c
le

 p
a
s
s
 

Customer requirement 

for full production  

without pellicle  
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■ NXE:3100 

■  NXE:3300B 

Overall PRP <0.004 for system 
based on >1300 test cycles  



Scalability of free-standing pSi films demonstrated and  

prototype pSi pellicles successfully tested in EUV tools 

11mm x 11mm 
(~80% EUV transmission) 

50mm x 50mm 
(~82% EUV transmission) 

64mm x 106mm 
~(86% EUV transmission) 

103mm x 122mm 
(~85% EUV transmission) 

Half size prototype 

Full size prototype 

Open frames used for testing prototype pSi pellicles in EUV tools  

27 Oct 2014 

Public 

Slide 27 

All reticles and frames courtesy of Intel 



Imaging testing of ½  size pSi pellicle collaborative effort of 

ASML and customers    
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Wilton   

 

Taiwan  

½ size pSi film Frame mounted 

on reticle  

pSi film + 

frame 

mounted on 

reticle  

Frame mounted 

on reticle  
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27 nm L/S features successfully exposed with 

half-size proto pellicle  

SEM image at BE/BF  

w/o pellicle 

SEM image at BE/BF  

w/ pellicle 

0.2 µm 0.2 µm 

Joint effort of NXE end users and ASML accomplished 

imaging results of half size pellicle 

CD = 24.2 nm 

LWR = 4.0 nm 

CD = 24.0 nm 

LWR = 3.7 nm 

• NXE:3100, NA=0.25, 
Conventional Illumination 

• CDU difference of 0.18 nm 

• Pellicle EUV transmission 
confirmed in imaging data: 
85.5% (single pass)  

Reticles and frames courtesy of Intel Scanner exposures courtesy of tsmc 
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• >40W stable performance at customers, 80W performance 

shown at ASML and being transferred  

to customers 

Summary: EUV towards production insertion  

• Two customers demonstrated 500 wafer  

per day capability in endurance tests.  

• System performance well within target at  

>40W source power 

• NXE:3300B imaging and overlay performance is in line with 

requirements for 10nm node insertion 

• EUV source:  Improvements demonstrated in conversion 

efficiency, dose margin, automation  

and collector lifetime, driving power and availability. 
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• Defect reduction ~10x per year shown and full-size EUV 

pellicle prototype manufactured 
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